We have developed bent fiber optic based sensors for non-invasive glucose level measurement. The developed sensor employs the attenuation of evanescent wave in the optical fiber due to its interaction with glucose molecules in urine samples. The attenuation is proportional to the concentration of the glucose molecules. We investigated dependence of the sensitivity and the accuracy of the sensor on the wavelength of diode laser source. Three diode lasers (i.e. red laser = 650 nm, green laser = 532 nm, and violet laser = 400 nm) were used for measurements. The attenuated light in the fiber optic was detected by a photodiode and then converted to electrical signal. The interaction of evanescent wave interaction with glucose molecules was enhanced by partial removing of fiber optic cladding. The length of cladding removal was varied between 1 cm and 4 cm while bending radius was kept constant at 3.5 cm. We found that the diode laser wavelength influences the sensitivity and the accuracy of blood glucose sensor significantly. The highest sensitivity of 0.9 mV/(mg/dL) is obtained for sensor using red laser with the length of cladding removal of 2 cm. The sensitivity of the sensor using green and violet laser are 0.78 mV/(mg/dL) and 0.72 mV/(mg/dL), respectively. The highest accuracy is obtained for sensor with green laser. The accuracy of sensor with red, green, and violet laser are respectively 96.9%, 85.5%, and 84.1%.The accuracy of the developed sensor fulfills the requirement to be used by diabetic patients.
Introduction
Diabetes mellitus is a condition where blood glucose level of a person is too high due to carbohydrate metabolism disorder occurring when body do not produce enough insulin or cannot used it effectively [1] . Diabetes is often found in medium to low income countries and urban societies because of unhealthy diet and lifestyle. Currently more than 420 million people around the world live with diabetes and the number tends ICBSA 2018 to increase rapidly. Indonesia, with 12 million patients, is in the sixth place in term of diabetic patient number [2] .
Regular blood sugar (glucose) level monitoring is vital for diabetic patients in order to keep glucose level within a normal range, to set medication plan, and to avoid complications. Glucose level measurement is mainly done by measuring electrical signals when blood sample reacts with a certain enzyme [3] . Blood sample collection by pricking patient finger is inconvenient and may lead to infection [4] . Infection may harm patients because their body do not produce insulin that is important for wound healing [5] . Therefore, non-invasive glucose level measurement using other body fluids is demanded. Among others, urine is more preferential because it can be collected easily and its sugar content correlates very well with that of blood [6] .
Non-invasive measurements have been performed using many spectroscopic methods such as infra-red, Raman, and photo-acoustic [7, 8] . Infra-red spectroscopy faces difficulty in handling strong absorption of water molecules, Raman spectroscopy requires long measurement time, while photo-acoustic spectroscopy suffers from interference of bio-chemical signal. Fiber optic based sensor offers several advantages namely electromagnetic interference immunity, lightweight, compact, and high sensitivity [9] .
Here we report the influence of diode laser wavelength on sensitivity and accuracy of evanescent wave based fiber optic sensor for blood glucose level measurement. The reasons are, first laser wavelength determines the penetration depth of evanescent wave and, second certain light spectrum can be absorbed by glucose molecules in urine [10] . Three diode lasers were used as a source for the sensor, they are red (λ = 650 nm), green (λ = 532 nm), and violet (λ = 405 nm).
Materials and Methods

Material preparation
The developed fiber optic sensors consist of a diode laser source, a multimode fiber The removal of fiber optic cladding was done first by removing jacket layer using a sharp cutter, then cladding is smoothly abraded using acetone-wetted tissue. The success in cladding removal is indicated by visible loss of guided light in sensing area.
The loss was measured using a BF5R optical detector. The length of cladding removal was varied from 1 cm to 4 cm.
Urine samples of diabetic patients were obtained from Dr. Reksodiwiryo Hospital, Padang. Before measurement, urine samples were reacted with benedict solution at 1:1 volume ratio. After mixing, urine samples were heated for 30 s until color change was observed. The color of urine after reaction indicates its glucose content.
Characterization of fiber optic sensor
To be used as a glucose level sensor, fiber optic sensor must first be characterized 
Measurement of blood glucose
Glucose level of urine sample is measured by using set-up shown in Fig. 1 . Urine sample that was previously reacted with benedict solution was placed in specimen container and then un-cladded fiber optic was immersed into urine solution. Attenuated light by urine sample was detected by photodiode and then glucose level was displayed on LCD panel. After each measurement, sensing area of fiber optic was cleaned from remaining urine sample by spraying distilled water and then dried using soft tissue. The accuracy of fiber optic sensor was determined by measuring urine of diabetic patients and then compared it to the result of hospital standard test. Higher glucose concentration causes stronger scattering and absorption of evanescent wave by glucose molecules in urine so that guided light in fiber optic core decreases. The attenuation of guided light in fiber optic core results in a lowering in photodiode output voltage. Attenuation is also higher for short wavelength source.
Results and Discussion
Sensitivity of fiber optic sensor
Short wavelength wasmore scattered and absorbed by glucose molecules.
The slope of transfer function indicates the sensitivity of fiber optic sensor. Fig.   3 shows that the highest sensitivity is obtained for sensor with red laser, followed successively by green and violet laser. Higher sensitivity of fiber optic with red diode laser is due to larger penetration depth of evanescent wave. Sensitivity of fiber optic sensor with red, green, and violet lasers are about 0.9 mV/(mg/dL), 0.75 mV/(mg/dL), and 0.65 mV/(mg/dL), respectively. Sensitivity of fiber optic sensor varies slightly with the length of cladding removal. 
Clarke error grid analysis
Clarke Error Grid (CEG) is a standard way to present the accuracy of glucose sensor which relates measured and data from standard test. CEG plot is divided into several regions where region A and B indicate low measurement error, while on contrary C, D and E are regions of clinically intolerable measurement error [11] . Fig. 4 displays measured data from all variation of diode laser wavelength and length of cladding removal. All data for fiber optic sensor with violet and red lasers lie in region A (see Fig. 4 .a and Fig. 4 .c). Measured data from fiber optic sensor with green laser (Fig. 4.b) lie 97.5% in region A and 2.5% in region B. In general we can say that the accuracy of developed fiber optic sensor fulfills the reliability requirement needed to be used by diabetic patients. 
Measurement accuracy
Conclusions
We have shown that wavelength of diode laser affects sensitivity and accuracy of fiber optic sensor. Sensor using red diode laser shows higher sensitivity and higher accuracy due to a longer penetration depth of evanescent wave. Sensitivity and accuracy of fiber optic sensor increase slightly with the length of cladding removal. CEG analysis indicates that the developed sensor is reliable and accurate to be used by diabetic patients.
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